Abstract Here, we aimed to study serum heat shock protein (HSP) 70 levels in diabetic patients with and without albuminuria. We performed a 1:1 matched case control study on 40 diabetic patients with albuminuria as cases and 40 age, sex, body mass index matched diabetic patients without albuminuria (normoalbuminuria) as controls. Normoalbuminuria was defined as urinary albumin excretion rate <15 mg/12 h, and albuminuria was defined as urinary albumin excretion rate between 100-400 mg/12 h. Patients with albuminuria had a higher HSP70 than controls (0.83±0.50 vs. 0.63±0.06; p= 0.02), while they did not differ in any other studied variables. In ten of the studied pairs, the controls had higher HSP70 levels than cases (reverse relationship). Patients in the "direct relationship group" had higher HbA1c values than the patients in the "reverse relationship group" (8.9±0.3 vs. 7.3±0.6, p=0.04). Cases in the reverse pairs had a lower low density lipoprotein cholesterol levels than their controls. The odds ratio of HSP70 in the prediction of albuminuria was (28.69 (3.2-250.1), p=0.002). In conclusion, we have shown an increased HSP70 levels in diabetic patients with albuminuria.
Introduction
Heat shock proteins (HSP) play important roles in the protection of cells during stressful conditions (Li and Srivastava 2004) . Extensive literature relates abnormalities of HSP's and type 2 diabetes (Nakhjavani et al. 2011; Nakhjavani et al. 2010; Kavanagh et al. 2011) . Recent studies have shown the role of these molecules in the pathogenesis of diabetic nephropathy (Calabrese et al. 2007; Buraczynska et al. 2009 ). In an interesting study by Barutta and collaborators, it was shown that diabetes induces a localized increase in HSP's in parts of the kidney and blocks HSP induction in other parts of the kidney (Barutta et al. 2008) . Considering the divergence of intracellular and extracellular HSP70 family in type 2 diabetes (RodriguesKrause et al. 2012) , we aimed to study serum HSP70 levels in diabetic patients with and without albuminuria.
Materials and methods
We performed a 1:1 matched case control study to discover the importance of HSP70 in the prediction of albuminuria in patients with type 2 diabetes. From the information of the diabetic patients attending Vali Asr hospital during January 2010 to August 2012, we obtained information of all diabetic patients with and without albuminuria. Diabetes was diagnosed according to the criteria of the American diabetes association (Diagnosis and classification of diabetes mellitus 2009). For each patient with documented albuminuria, we randomly selected one control matched by age, sex, and body mass index (BMI). Using this data base of 963 patients, 40 diabetic patients with albuminuria as cases and 40 age, sex, and BMI matched diabetic patients without albuminuria (normoalbuminuria) as controls were selected. Normoalbuminuria was defined as urinary albumin excretion rate <15 mg/12 h, and albuminuria was defined as urinary albumin excretion rate between 100-400 mg/12 h. Patients were instructed in the collection of timed 24-h urine for the measurement of urinary albumin excretion and were told to return on the morning after the end of the urine collection. Exclusion criteria were type 1 diabetes, acute or chronic renal failure, glomerulonephritis, congestive heart failure, acute infections, pregnancy, diabetic ketoacidosis, nonketonic hyperosmolar diabetes, thyroid disorders, and hospital admission in recent 3 months. None of the studied women were on hormone replacement therapy. None of the patients were on any antiinflammatory drugs, and none were using ethanol. There were no comorbid disease such as asthma, rheumatoid arthritis, and other autoimmune diseases present. Estimation of glomerular filtration rate was calculated using the chronic kidney disease epidemiology collaboration formula (Levey et al. 2009 ).
Demographic and anthropometric data including age, sex, duration of diabetes, height and waist circumference, weight in light clothing, and blood pressure in sitting position were recorded. Blood pressure was measured twice after 5 min average. The BMI (kilogram per square meter) was calculated according to the Quetelet formula. All participants gave written informed consent before participation. The research was carried out according to the principles of the Declaration of Helsinki; the local ethics review committee of Tehran University of Medical Science approved the study protocol.
Blood samples Blood samples were collected after almost 12 h of fasting and serum creatinine, fasting blood sugar, total cholesterol, triglyceride, high density lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol, and HbA1c were measured. Glucose measurements (intra-assay coefficient of variants (CV) 2.1 %, inter-assay CV 2.6 %) were carried out using the glucose oxidase method. Creatinine was measured using calibrated Jaffe method (Parsazmoon, Karaj, Iran). Cholesterol, HDL, LDL, and triglyceride were determined using direct enzymatic methods (Parsazmun, Karaj, Iran). HbA1c was estimated by high-pressure liquid chromatography method. Serum creatinine was measured using direct colorimetric method. HSP70 was measured using a quantitative sandwich ELISA immunoassay (EKS-715, Stressgen). The intra-and inter-assay CV ranged between 4.5 and 7 %.
Statistical analysis
The statistical package SPSS 17 for windows (Chicago, IL, USA) was used for the primary analysis of the cases and controls. Kolmogorove-Smirnov test was employed to study the distribution of the variables. As HSP70 had a skew distribution, the logarithmic transformed values of HSP70 were used for further analysis in the conditional regression model. The data was individually matched. All the studied population was eligible for the analysis. Quantitative Fig. 1 Presenting serum HSP70 levels in pairs of diabetic patients with albuminuria (cases) and without albuminuria (controls), 1:1 matched by age, sex, and BMI variables are presented as mean ± standard error of mean. Qualitative variables are presented as number and percent. Independent sample t test (for quantitative variables, normally distributed), Mann-Whitney U test (for quantitative variables, skewed distribution), and chi-square test (for qualitative variables) were employed to compare cases and controls. Conditional logistic regression analysis was employed to provide the value of HSP70 in the prediction of albuminuria.
Results
Patients with albuminuria had a higher HSP70 than controls (0.83±0.50 vs. 0.63±0.06; p=0.02) (Fig. 1) , while they did not differ in any other studied variables. In ten of the studied pairs, the controls had higher HSP70 levels than cases (reverse relationship). So the studied population was stratified according to direct relationship (pairs in which cases had higher HSP70 levels than controls) and reverse relationship. Patients in the "direct relationship group" had higher HbA1c values than the patients in the "reverse relationship group" (8.9±0.3 vs. 7.3± 0.6, p=0.04). There were no significant differences between the groups and other studied variables. Cases in the reverse pairs had a lower LDL levels than their controls (Table 1) .
We then studied the value of HSP70 in the prediction of albuminuria using conditional logistic regression model. The HSP70 values were logarithmic transformed for this analysis. The Odds ratio of HSP70 in the prediction of albuminuria was (28.69 (3.2-250.1), p=0.002).
Discussion
Our findings demonstrated that in a matched case-control design, patients with albuminuria have a higher serum HSP70 levels compared to those without albuminuria. Moreover, we showed that HSP70 is a significant and almost When comparing patients with and without albuminuria, pairs with direct relationship are the pairs which HSP70 is higher in cases, and pairs with reverse relationship are the pairs which HSP70 is higher in controls *p<0.001; **p<0.05; ***p<0.01 the only predictor of albuminuria in the conditional logistic regression model. Why HSPs are increased in diabetic nephropathy. The primary explanation is their protective role against oxidative damage caused by diabetes or any other disease (Brezniceanu et al. 2010 ) (Kulkarni et al. 2012 ). Dai and collaborators have shown strong correlation between slit membrane density and HSP25 levels in the kidney of diabetic mice (Dai et al. 2006) . Inconsistent with our findings, Calabrese and collaborators have shown an increased serum HSP70 levels in nonuremic type 2 diabetic patients with nephropathy. Serum HSP70 levels were positively correlated with markers of oxidative stress in line with an upregulation of these molecules in lymphocytes (Calabrese et al. 2007) . In vitro studies on type 1 diabetes model have shown localized increase of HSPs in parts of the kidney. While diabetes induces HSP70 expression in the medulla, it does not modulate HSP expression in the glomeruli (Barutta et al. 2008) . It is also shown that hyperthermia therapy reduces proteinuria in diabetic rat model of type 2 diabetes (Kokura et al. 2007 ).
On the other hand, this increase in HSP expression may also take part into the pathogenesis of diabetic nephropathy. Glomerulosclerosis and tubulointerstitial fibrosis are the main structural changes found in diabetic nephropathy. In situ hybridization of the renal tubular epithelium showed active expression of HSP47 mRNA (Abe et al. 2004 ). HSP47 is viewed as a collagen triggering HSP and could contribute to nephropathy. Abe and Li's observation showed that HSP47 contribute to the fibrosis in experimental diabetic nephropathy (Liu et al. 2001; Abe et al. 2004) . In other disease such as pulmonary fibrosis, there is an increased HSP47 induction, which is associated with collagen deposition (Iwashita et al. 2000) . We have previously shown the duality of HSP70 behavior in low and high inflammatory states (Nakhjavani et al. 2012 ). These observations have questioned the classic role of these molecules as chaperons. Whether HSPs prevent or induce diabetic nephropathy in the presence of oxidative stress/chronic inflammation remain to be elucidated by future studies.
The principal limitation of the current study is the lack of follow up, which preclude the determination of the direction of causality; however, we took advantage of a relatively large sample size and close similarity between groups in most of the potentially confounding variables. These patients were overweight, with central obesity. The mean waist circumference was about 93 cm. The mean BMI in was 27, which is not in the obesity range. As previously reported, the cut off values for obesity and waist circumference differ in Iranian population compared to other societies (Delavari et al. 2009 ). This could be the reason for a surprisingly low BMI and high waist circumference values in the current study. In conclusion, we have shown an increased HSP70 levels in diabetic patients with albuminuria.
